As an important technology in human-machine interaction, action recognition is one of the research hotspots in the pattern recognition. Accelerometer is a kind of wearable sensor. It is characterized by low energy consumption, small volume and low cost, which is widely used. At present, the action recognition process based on acceleration sensing is mainly divided into 3 steps: feature extraction, feature selection and recognition algorithm. In this paper, a recognition algorithm based on three-dimensional acceleration signal is proposed to identify different types of strokes according to the motion characteristics of people playing table tennis. The data used are collected from the accelerometer tied to the wrist and collected in the training process of table tennis. The threshold value of acceleration signal is judged by fixed threshold method. And the key characteristics of signal energy and gesture length are extracted.
Introduction
Table tennis is a world popular ball game. China has always been in the leading position throughout the world, while China's research on table tennis robots is still in its initial stage [1] .
As an important technology of human-machine interaction, action recognition has always been one of the hotspots in the field of pattern recognition [2] . There are two main directions in motion recognition researches [3] : motion recognition based on visual sensor and motion recognition based on wearable sensors. The action recognition technology based on acceleration sensor is the latter, because the acceleration sensor has the characteristics of low energy consumption, small volume, low cost, so it is widely used. At present, the action recognition process based on acceleration sensing is mainly divided into three steps [4] : feat extraction, feature selection and recognition algorithm. Feature extraction is mainly in two aspects: the physical characteristics of signals and the characteristics of human motion. In terms of physical features, wavelet transform and fast Fourier transform are used to extract frequency and energy information [5] . In terms of motion characteristics, the average values, entropy and eigenvalues of signal vector magnitude (SVM) are extracted. Based on the three-dimensional acceleration sensor, this paper designs the recognition system of the stroke motion [6] . Through the acquisition, processing and analysis of the acceleration data, the hand stroke motion based on the three-dimensional acceleration sensor is obtained. It has a high recognition rate for batting types and a careful classification of batting types [7] .
Introduction of acceleration sensor
Acceleration sensor can measure acceleration, which is usually composed of mass blocks, dampers, elastic elements, sensitive elements and adaptive circuits. During the acceleration process, the accelerometer is obtained by measuring the inertial force of the mass block and using Newton's second law. According to the different sensor sensors, the common acceleration sensors include capacitive, inductive, strain, piezoresistive, piezoelectric, etc. [8] Piezoelectric accelerometer is also called piezoelectric accelerometer. The principle of a piezoelectric accelerometer is the piezoelectric effect of a piezoelectric ceramic or quartz crystal. When the accelerometer is vibrated, the force of the mass on the piezoelectric element is also changed. When the measured vibration frequency is much lower than the natural frequency of the accelerometer, the change of force is directly proportional to the acceleration measured.
Based on the world's leading MEMS silicon micromachining technology, the piezoresistive accelerometer has the characteristics of small size, low power consumption and so on. It is easy to integrate in all kinds of analog and digital circuits. Capacitive accelerometer is a capacitance sensor based on capacitance principle. Servo accelerometer is a closed loop test system, which is featured by good dynamic performance, large dynamic range and good linearity.
Research method of action recognition
Motion recognition is a direction in the field of pattern recognition research. With the popularization and miniaturization of computers, as well as the development of artificial intelligence, action recognition has been developed rapidly and has been widely used in all walks of life, such as physical game, intelligent monitoring. Action recognition mainly deals with analyzing the behavior pattern of an object by way of computer modeling. Common algorithms of action recognition include decision tree algorithm, hidden Markoff model algorithm, support vector machine algorithm, artificial neural network algorithm and so on [9] .
Artificial neural network, also known as the connection model, is a mathematical model simulating human brain structure for information processing. Template matching recognition algorithm mainly includes dynamic programming and dynamic time warping. The template matching recognition algorithm is widely used in the speech recognition and action recognition. However, in the process of template matching, each template in the template library needs to be matched and compared, so the computation is large and the execution efficiency is low, which is also the main factor restricting the development of the template [10] .
Data acquisition
The hardware device of this experiment is mainly divided into two parts: data acquisition module and data receiving module. The data acquisition module is made up of three-dimensional acceleration sensor and wireless data transmission device, and the data receiving and processing module is composed of data receiving device and PC machine.
In order to obtain the acceleration information in the table tennis ball, the experimental data acquisition module is fixed on the wrist, which is used to collect the acceleration signal of gestures. When the acceleration sensor senses the action of the hand, the analog acceleration signal can be obtained. Digital signals are obtained through A/D conversion. They are transmitted to the data receiving device through the wireless local area network. The PC machine saves the data read from the receiving device to the database. The computer extracts features of acceleration data and performs gesture recognition analysis. Its schematic diagram is shown in Figure 1 . Whether the feature selection of action is appropriate or not, it is directly related to the real-time performance and accuracy of classification algorithm. Through analyzing the sample data, the characteristics of signal energy, gesture length, signal peak and valley value and motion characteristics of the signal are chosen to analyze the data.
Characteristic action recognition classification
K-NN algorithm is a basic classification and regression algorithm. Decision tree algorithm is a method to approximate the value of discrete function, and it is a typical classification method [11] . In this paper, a decision tree classification algorithm incorporating K-NN is proposed. First, the gesture energy and gestures length are used to remove the interference, and then the K-NN algorithm is used to divide the big classes of the push, the ball and the attack. Finally, the left and right movements are identified by the wave through characteristics of the wave peak. When the K-NN's decision tree algorithm is used to classify the data, although the algorithm increases relative to the K-NN algorithm in the use, the recognition accuracy is 98.2%, which is obviously higher than the classification result only using the K-NN algorithm.
Conclusions
This paper mainly introduces the recognition system of table tennis hitting action based on accelerometer. Compared to the research based on the modelling of image processing and kinematics principle, this paper tries to combine the acceleration sensor with the person in the table tennis. It is very good to study the different types of batting movements in table tennis by studying the acceleration signal data.
Acceleration data are obtained by accelerometer fixed on the wrist. K-NN's decision tree algorithm is used to classify actions. It has the characteristics of high recognition rate and fine action classification. Because of the characteristics of the selection, there may be redundant features. The efficiency of the algorithm needs to be further improved, and feature selection should be considered.
